This retrospective study aimed to evaluate the prognostic roles of distant metastatic patterns in de novo metastatic triple-negative breast cancer to explore the roles of surgery on the primary tumor and to characterize the prognostic factors of organ-specific metastasis.
Background
Breast cancer is the most common malignancy and the second leading cause of cancer-related death in women following lung cancer. In the United States, 266 120 new diagnoses and 40 920 deaths due to breast cancer are predicted for 2018 [1] . Breast cancer prognoses vary greatly among molecular subtypes [2] . Triple-negative breast cancer (TNBC) is characterized as a more aggressive subtype that lacks the estrogen receptor, progesterone receptor, and human epidermal growth factor receptor 2, and this subtype comprises approximately 15% of breast cancer cases diagnosed annually worldwide [3, 4] . Because of the higher risk of distant metastases, recurrence and mortality, TNBC prognoses are dismal compared with those of other subtypes [5] [6] [7] . Furthermore, without available targets, chemotherapy remains the main treatment for TNBC. Thus, understanding the factors inducing aggressiveness and poor outcomes is necessary to further clarify potential treatment strategies and therapeutic goals for TNBC.
Characteristics that affect TNBC prognosis are multifactorial and include age, histological type, pathological grade, and clinical stage. Kassam et al. observed that patients >50 years of age with de novo advanced TNBC had longer overall survivals (OS) than did those <50 years old at first diagnosis (hazard ratio [HR] 0.46, 95% confidence interval [CI] 0.27-0.76, P=0.003) [8] . Zhao et al. found that compared with invasive cancer of no special type, mixed nonspecific and lobular carcinomas had worse OS (P=0.005) and breast cancer-specific survival (BCSS) (P<0.001) [9] . However, patients with metastatic TNBC generally had poor prognoses, with a median survival of approximately 12 months [6, 8, 10] .
The most common metastatic site for advanced TNBC at presentation is bone, followed by the lung, liver, and brain [11] . Several studies have shown that TNBC patients often present with brain and lung metastases rather than bone or liver metastases [12, 13] . Currently, TNBC patients harboring different metastatic sites are considered to have similarly poor outcomes. Despite an unsatisfactory outcome overall, TNBC remains quite heterogeneous relative to individual prognoses. These heterogeneities may be caused by small sample sizes, such as in the studies of Kassam [8, 14] . The distant metastatic TNBC sites may have prognostic impacts on survival. Knowledge of the metastatic patterns of TNBC is essential to treat and manage patients. Jin et al. assessed the incidence rate and prognosis of brain metastasis for advanced TNBC [15] . Kassam et al. reported that patients with visceral metastasis as the first distant metastatic site had worse survival rates than patients with non-visceral metastases (P=0.021) [8] . However, these studies with small sample sizes focused on only 1 or 2 distant metastatic sites, and the prognostic impacts of site-specific metastasis were unexplored. Because data on organ-specific metastases are seldom documented in population-based studies, the prognostic roles of different metastatic sites remain unclear in de novo metastatic TNBC. Moreover, because treatment options are limited, it is unclear whether surgery on the primary lesion at diagnosis would provide an additional survival benefit for site-specific metastasis patients; thus, further investigation is warranted.
Therefore, this study evaluated the prognostic roles of sitespecific metastasis in de novo metastatic TNBC patients using the Surveillance, Epidemiology, and End Results (SEER) program. The therapeutic roles of surgery on the primary site and the prognostic factors of site-specific metastasis were also investigated.
Material and Methods

Database and patient selection
Data were obtained from the publicly available SEER-18 database of the United States National Cancer Institute, which covers approximately 28% of the United States population. The SEER database from 2010 included the variables "Mets at Dx-Bone", "Mets at Dx-Lung", "Mets at Dx-Brain", and "Mets at Dx-Liver", which confirmed the bone, lung, brain, and liver metastases at initial diagnoses, respectively. SEER*Stat version 8.3.5 was applied to retrieve the data [16] . All data from the SEER program were exempt from review by the institutional medical ethics committee, and no informed consent was required.
The inclusion criteria defined for eligible patients were as follows: 1) data were from de novo stage IV breast cancer between 2010 and 2015 (details regarding site-specific metastases were unavailable before 2010); 2) the molecular subtype of the patient's tumor was TNBC; 3) female patients were >18 years old; 4) primary breast cancer diagnosis was labeled as "ICD-O-3 C50.0-C50.9" [17] ; and 5) patients had confirmed distant metastatic sites, including lung, liver, bone, or brain. Patients with unknown follow-up information, surgery or survival data and those without complete metastatic information for these 4 sites were excluded from further analysis.
The following potential demographics and clinicopathological variables were evaluated: age, race, grade, tumor size, node stage, chemotherapy, surgery on the primary tumor, insurance, marital status, and metastatic site. In the current dataset, chemotherapy was defined as "yes" or "no/unknown". Surgery of the primary tumor was classified as either "surgery" or "no surgery". Survival in months, cause-specific death classification, and vital status were also retrieved from the SEER database. Metastatic TNBC patients were classified based on the sites and number of metastases. The primary endpoints were OS and BCSS.
Statistical analyses
Pearson's chi-square test was conducted to compare demographic and clinicopathological characteristics across different metastatic sites and numbers. OS was calculated as the time from initial diagnosis to death from any cause. BCSS was calculated as from the time from initial diagnosis to death attributed to breast cancer. Survival statistics were generated using Kaplan-Meier analyses. Log-rank testing was conducted to estimate survival differences among groups. Cox proportional hazard models were employed to analyze independent predictors of survival, which were reported as HRs with homologous 95% CIs. Statistically significant variables in the univariate Cox models were matched using multivariate Cox models. A 2-tailed P-value <0.05 was considered significant. All statistical tests were conducted using SPSS software version 23.0 (IBM, NY, USA).
Results
Patient characteristics
A total of 1888 de novo metastatic TNBC patients between 2010 and 2015 were identified in the analyses. The included patients' baseline features are presented in 
Metastatic site distribution
The metastatic site distribution is shown in 
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Compared with single-site metastasis, a 7.36% increased mortality risk was found in patients with 2 metastatic sites. The death risk in patients with 3 metastatic sites was 9.09% higher than that in patients with 2 metastatic sites, while patients with 4 metastatic sites had a 4.19% higher risk of mortality than those with 3 metastatic sites.
Impacts of site-specific metastases on survival
For patients with isolated metastasis, the median OS rates of bone, lung, liver, and brain metastasis were 13, 14, 13, and 5 months, respectively (P<0.001; Figure 1A) , with corresponding median BCSS values of 13, 15, 14, and 8 months (P=0.003; Figure 1B ). The median OS was 13 months for single-site metastasis and 7 months for multisite metastases (P<0.001; Figure 1C ), while the corresponding median BCSS values were 14 and 7 months (P<0.001; Figure 1D ).
In patients with isolated metastases, age, marital status, insurance, surgery chemotherapy, surgery, and metastatic site were examined using univariate Cox analyses and were found to be related to OS and BCSS (Table 3 , Supplementary Table 3 ). For the entire cohort, the univariate Cox models indicated that age, surgery, chemotherapy, marital status, ethnicity, insurance, and site number were associated with survival (Table 3 , Supplementary Table 3 ).
Multivariate Cox analyses revealed that distant metastatic site had a significant prognostic role for OS and BCSS in patients with single-site metastasis ( Table 3 , Supplementary Table 3 ). 
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Using brain metastases as the reference, bone (HR 0.516, 95% CI 0.392-0.680, P<0.001), lung (HR 0.500, 95% CI 0.379-0.661, P<0.001) and liver (HR 0.670, 95% CI 0.496-0.905, P=0.009) metastases were related to better OS. Using liver metastasis as a reference, distant metastases to bone (HR 0.770, 95% CI 0.634-0.935, P=0.008) and lung (HR 0.747, 95% CI 0.612-0.911, P=0.004) were related to higher OS ( Supplementary Table 4 ). Similarly, using liver metastasis as the reference, bone (HR 0.763, 95% CI 0.610-0.955, P=0.018) and lung (HR 0.780, 95% CI 0.621-0.979, P=0.032) metastases were related to longer BCSS (Supplementary Table 5 ). The multivariate Cox model indicated that the number of metastatic sites was a significant prognostic factor of OS and BCSS for the entire cohort (Table 3 , Supplementary Table 3 ).
Compared with single-site metastasis, multisite distant metastases were associated with poorer OS (HR 1.566, 95% CI 1.403-1.748, P<0.001) and BCSS (HR 1.584, 95% CI 1.397-1.797, P<0.001). Moreover, multivariate Cox analyses suggested that insurance, surgery, chemotherapy, and being married were associated with preferable OS and BCSS in both the entire cohort data and in the single metastatic site data (Table 3 , Supplementary Table 3 ).
Effects of chemotherapy and surgery on the survival of patients with single-site metastases
The roles of chemotherapy and surgery were further analyzed in single-site metastatic patients. Patients who had chemotherapy had a better OS (median: 15 versus 3 months) and BCSS (median: 17 versus 4 months) (all, P<0.001) than those who received no chemotherapy (Figure 2A, 2B ). Surgery-treated patients had a higher median OS (18 months versus 8 months) and BCSS (19 months versus 9 months) (all, P<0.001) than those who did not undergo surgery ( Figure 2C, 2D ).
When single-site metastatic patients received chemotherapy, patients who underwent surgery had better median OS (20 versus 12 months) and BCSS (20 versus 13 months) (all, P<0.001) than those who did not undergo surgery ( Figure 3A, 3B ). For chemotherapy-treated patients, the median OS rates for bone, lung, liver, and brain metastases were 14, 18, 15, and 9 months, respectively (P<0.001; Figure 3C ), while the corresponding median BCSS rates were 15, 19, 16 and 11 months (P=0.008; Figure 3D ).
For surgically-treated patients, the corresponding median OS rates for bone, lung, liver, and brain metastases were 19, 20, 15, and 16 months, respectively (P=0.053; Figure 4A ) and for BCSS rates were 19, 19, 18, and 19 months, respectively (P=0.248; Figure 4B ). For patients who received no surgical treatment, the corresponding median OS rates were 7, 11, 7, and 3 months (P<0.001; Figure 4C ) and median BCSS rates were 9, 12, 7, and 4 months (P<0.001; Figure 4D ) for bone, lung, liver, and brain metastases, respectively.
For patients who received both chemotherapy and surgery, the median OS rates for bone, lung, brain, and liver metastases were 23, 22, 17, and 16 months, respectively (P=0.064; Figure 5A ), while the corresponding median BCSS rates were 23, 22, 18, and 17 months (P=0.175; Figure 5B ), respectively. Table 6 ). Subsequently, multivariate Cox analyses including these variables indicated that age, insurance, chemotherapy, and surgery affected OS. Patients aged ³65 years had a higher risk of mortality (HR 1.356, 95% CI 1.083-1.696, P=0.008) than those aged <65 years. Patients without insurance had a worse OS than those with insurance (HR 2.450, 95% CI 1.382-4.343, P=0.002). Patients who received chemotherapy (HR 0.581, 95% CI 0.454-0.743, P<0.001) and surgery (HR 0.463, 95% CI 0.367-0.584, P<0.001) had longer OS. The corresponding survival curve is displayed in Figure 6 .
For patients with isolated lung metastasis, univariate Cox analyses indicated that age, chemotherapy, and surgery affected OS; chemotherapy and surgery remained apparent using multivariate Cox models (Supplementary Table 7 ). Chemotherapy (HR 0.374, 95% CI 0.290-0.481, P<0.001) and surgery (HR 0.561, 95% CI 0.445-0.709, P<0.001) were related to favorable OS for isolated lung metastasis patients. The corresponding survival curve is presented in Figure 7 .
For patients with isolated liver metastasis, univariate Cox models revealed that age, marital status, insurance, chemotherapy, and surgery were significant factors affecting survival ( Supplementary Table 8 ). Multivariate Cox analysis suggested that having insurance, receiving chemotherapy, and undergoing surgery affected OS. Patients without insurance had a poorer OS than those with insurance (HR 2.323, 95% CI 1.007-5.326, P=0.048), and patients who received chemotherapy (HR 0.314, 95% CI 0.204-0.484, P<0.001) or surgery (HR 0.594, 95% CI 0.426-0.828, P=0.002) had a lower risk of mortality than those who did not receive these treatments. The corresponding survival curve is presented in Figure 8 .
Discussion
Our population-based analysis investigated the association between patterns of site-specific metastasis and survival in TNBC, as this is vital for making effective and appropriate clinical decisions. This study showed that metastatic sites were independent prognostic factors affecting OS and BCSS in de novo stage IV TNBC. The prognosis differed greatly in patients with different metastatic sites. Moreover, the number of metastatic sites significantly affected metastatic TNBC patients' survival. For patients with isolated metastasis, surgery on the primary tumor led to better survival. Prognostic factors were also identified for patients with isolated bone, lung and liver metastases.
Our data suggest that common metastatic sites of TNBC include bone, lung and liver, while metastases to the brain are rare, which is consistent with previous studies [18, 19] . The Kennecke et al. study, which included 318 TNBC patients, indicated that the metastasis rates for bone, lung, liver, and brain were 15.1%, 12.5%, 10.7%, and 7.2%, respectively [18] . Other studies have also shown that bone is the most common metastatic site for advanced breast cancer, followed by the lung, liver, and brain [20, 21] . Thus, the distributions of common metastatic sites of TNBC are consistent with those of other advanced breast cancers. The results of our study provided additional details on survival for patients with organspecific metastasis based on a larger sample size.
This study explored the impacts of metastasis to 4 organs on OS and BCSS in TNBC patients. We found that isolated bone metastases or isolated lung metastases were associated with better prognoses than was isolated liver metastasis, while isolated brain metastasis was associated with the poorest OS and BCSS of these single metastatic sites. A few studies explored the impacts of distant metastatic sites on survival. Kassam et al. showed that patients with visceral metastasis had worse OS than patients with non-visceral metastases (P=0.021) [8] . Lung and bone are common distant metastatic sites of TNBC. However, no studies to date have directly compared survival between bone metastases and lung metastases in patients with metastatic TNBC at diagnosis. In this study, no difference was evident between isolated bone metastases and isolated lung metastases in terms of survival, which was consistent with previous results for advanced breast cancer [22] . Moreover, patients with brain metastasis had a shorter survival than those with the other 3 distant metastatic sites, which is similar to previous studies (median OS: 7.3 months) [15] , likely because some drugs used for treatment have difficulty crossing the blood-brain barrier. Accordingly, multimodal treatment may result in better survival for TNBC patients with bone or lung metastasis. The results of our study also indicated that the number of sites was a significant prognostic factor for metastatic TNBC. Both Kaplan-Meier and Cox analyses suggested that patients with multisite metastases had apparently shorter survival times than those with single-site metastasis. These observations may help clinicians more accurately estimate metastatic TNBC prognoses.
Several studies have reported prognostic factors for organ-specific metastasis in de novo metastatic TNBC. Bone is the most common metastatic site. This study suggested that age <65 years, insurance, chemotherapy, and surgery were favorable prognostic factors for patients with isolated bone metastasis. The median OS rates of young and elderly patients were 14 months and 8 months, respectively, while the corresponding median OS rates for insured and uninsured patients were 13 and 4 months, respectively. Thus, special treatment and management should be given to patients <65 years old who have insurance. The median OS was 19 months for patients who had surgery and 7 months for patients who did not. Accordingly, the median OS rates for cases with and those without chemotherapy were 14 and 3 months, respectively. These data suggest that chemotherapy and surgery significantly improved prognosis for patients with isolated bone metastasis.
Both chemotherapy and surgery were beneficial prognostic factors of OS for isolated lung metastasis patients. The median OS rates were 20 months with surgery and 11 months without surgery. The corresponding median OS rates were 18 months with chemotherapy and 5 months without chemotherapy. These data indicate that chemotherapy and surgery significantly improved prognosis for patients with isolated lung metastasis. Among the 4 distant metastatic sites we studied, isolated bone metastases and isolated lung metastases had the best prognosis; thus, these patients should receive chemotherapy and surgery immediately. However, for patients with oligometastatic lung metastasis, whether resection of metastases could improve patient survival remains to be further explored due to the lack of available data.
In this study, patients with isolated liver metastases had poorer prognoses than did patients with isolated bone or isolated lung metastases. The results showed that insurance, chemotherapy, and surgery were all favorable prognostic factors for isolated liver metastasis patients. The median OS rates of patients with and those without insurance were 14 months and 2 months, respectively. The median OS rates were 15 months for patients who had surgery and 7 months for those who did not, while the corresponding median OS rates were 15 months and 2 months for patients who had and those who did not have chemotherapy, respectively. Although the prognosis for patients with isolated liver metastases was poor, surgery and chemotherapy significantly improved the OS.
At present, chemotherapy remains the primary treatment for patients with metastatic TNBC [23, 24] . In our study, approximately 25% of patients did not receive chemotherapy. This may be related to the lack of insurance for the patient, since about half of these patients had not received insurance. Also, other risks, such as patients with poor ECOG PS (Eastern Cooperative Oncology Group Performance Status), may also be a reason for patients without chemotherapy. Furthermore, about 36% of de novo metastatic TNBC patients received surgical resection of the primary tumor. This may be for palliative surgery because 25% of these patients received total mastectomy without nodal dissection. Our study demonstrated that surgery on the primary tumor combined with chemotherapy significantly prolonged survival of isolated metastatic patients. Previous studies showed that surgery on the primary tumor improved the survival outcomes for metastatic breast cancer patients at diagnosis [25] [26] [27] . However, specific information on the treatment sequence before and after surgery and chemotherapy was unavailable in the current SEER database. Therefore, determining which combination of treatment options could provide greater survival benefits is challenging. In addition, time lags occur with treatment. Some new treatments for TNBC, including targeted treatment and immunotherapy, have not yet entered mainstream practice, but they may be better treatment options for patients with metastatic TNBC.
Our study had several limitations. First, as a retrospective analysis, inherent bias was likely. Second, available variables provided by the SEER database were restricted. Information on the specific treatment of metastatic sites and systemic treatment details, such as information on adjuvant chemotherapy, surgery type, and treatment sequence were unrecorded. Detailed information on comorbidities and performance status was also not provided. This lack of information may have led to selection biases for patients receiving specialized treatment. The survival analyses in this study were based on cancer-specific survival (except for OS) to avoid the potential confounding effects of noncancer mortality due to unknown complications. Third, the SEER program included only 4 distant metastatic sites (brain, liver, lung, and bone) at initial diagnosis, and no further information regarding the time of secondary metastasis was available. Other metastatic sites were not recorded in the SEER program; therefore, no comments were included in the analysis.
Fourth, the sample size for patients with brain metastasis was relatively small; therefore, no subgroup analyses of other variables were performed, because if subgroup analyses had included patients with brain metastasis, the number of samples in each subgroup would have been too small. Finally, all patients enrolled were from the United States rather than from the global population; therefore, these findings should be confirmed in other population-based cohorts worldwide.
Conclusions
This population-based study suggested that distant metastatic sites were independent predictors of survival in metastatic TNBC at diagnosis. Compared with other metastatic sites, patients with only brain metastasis had the shortest survival rates, while patients with isolated bone or lung metastases survived longer than those with isolated liver metastases. Moreover, surgery and chemotherapy significantly improved the prognosis of patients with site-specific metastases. For patients with isolated bone metastasis, age <65 years, insurance, chemotherapy, and surgery were favorable prognostic factors, while chemotherapy and surgery were associated with better OS for isolated lung metastases. Knowledge of the differences in metastatic patterns contributes to better pretreatment assessments of patients with metastatic TNBC and to better decisions regarding appropriate treatments. Additionally, further studies are warranted to identify subgroups of patients with isolated metastasis who may benefit from surgery of the primary tumor.
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